Background-Diuretics are recommended as first-line agents for the treatment of hypertension. This randomized, double-blind, multicenter study assessed the long-term efficacy and safety of the direct renin inhibitor aliskiren in comparison with the diuretic hydrochlorothiazide in patients with essential hypertension. Methods and Results-After a 2-to 4-week placebo run-in, 1124 patients (mean sitting diastolic blood pressure [BP] 95 to 109 mm Hg) were randomized to aliskiren 150 mg (nϭ459), hydrochlorothiazide 12.5 mg (nϭ444), or placebo (nϭ221) once daily. Forced titration (to aliskiren 300 mg or hydrochlorothiazide 25 mg) occurred at week 3; at week 6, patients receiving placebo were reassigned (1:1 ratio) to aliskiren 300 mg or hydrochlorothiazide 25 mg. From week 12, amlodipine 5 mg was added and titrated to 10 mg from week 18 for patients whose BP remained uncontrolled. Efficacy variables were analyzed for the intent-to-treat population with the use of the last observation carried forward method. BP reductions (mean sitting systolic BP/mean sitting diastolic BP) were significantly greater with aliskirenversus hydrochlorothiazide-based treatment at week 26 (Ϫ20.3/Ϫ14.2 versus Ϫ18.6/Ϫ13.0 mm Hg; PϽ0.05) and were also greater at week 52 (Ϫ22.1/Ϫ16.0 versus Ϫ21.2/Ϫ15.0 mm Hg; PϽ0.05 for mean sitting diastolic BP). At the end of the monotherapy period (week 12), aliskiren 300 mg was superior to hydrochlorothiazide 25 mg in reducing BP (Ϫ17.4/Ϫ12.2 versus Ϫ14.7/Ϫ10.3 mm H; PϽ0.001). Adverse event rates were similar with aliskiren-(65.2%) and hydrochlorothiazide-based therapy (61.5%). Hypokalemia was more frequent with hydrochlorothiazide-based therapy than aliskiren-based therapy (17.9% versus 0.9%; PϽ0.0001). Conclusions-Aliskiren treatment, both as monotherapy and with optional addition of amlodipine, provided significantly greater BP reductions than the respective hydrochlorothiazide regimens. Aliskiren-based therapy was well tolerated. Direct renin inhibition with aliskiren therefore represents an effective option for the long-term treatment of essential hypertension. (Circulation. 2009;119:417-425.) (J.G., M.G.); Novartis Pharmaceuticals Corporation, East Hanover, NJ (B.S., M.M.); and Novartis Pharma AG, Basel, Switzerland (N.W., J.B., H.v.I.). The online-only Data Supplement is available with this article at http://circ.ahajournals.org/cgi/content/full/CIRCULATIONAHA.107.750745/DC1. Clinical trial registration information-
T he Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) guidelines, 1 as well as those issued by the European Society of Hypertension/European Society of Cardiology, 2 recommend a target blood pressure (BP) of Ͻ140/90 mm Hg, but despite the wide range of antihypertensive agents available, less than one third of patients with hypertension have their BP controlled to this level. 3 A clear need therefore exists for antihypertensive agents that can facilitate better BP control. Aliskiren is the first in a new class of direct renin inhibitors and has been approved by the US Food and Drug Administration and the European Medicines Agency for the treatment of hypertension at once-daily doses of 150 and 300 mg. Aliskiren targets the renin enzyme, lowering plasma renin activity and thus reducing the synthesis of angiotensin I and II. 4 Aliskiren has demonstrated antihypertensive efficacy across a broad range of patient populations, independent of age, gender, and race. 5 In short-term studies, aliskiren significantly reduced diastolic and systolic BP in a dose-dependent manner at doses up to 300 mg. Moreover, aliskiren provides additional BP lowering when used in combination with angiotensin-converting enzyme inhibitors, 6 angiotensin receptor blockers, 7 diuretics, 8 and calcium channel blockers. 9
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This study is the first to compare the long-term efficacy and safety of an aliskiren regimen with a hydrochlorothiazide regimen in patients with mild to moderate hypertension. Patients entered a 26-week randomized, double-blind, activecontrolled, dose-titration phase (including a 12-week monotherapy phase to compare aliskiren versus hydrochlorothiazide head to head) followed by a 26-week blinded extension phase. Patients not achieving goal BP (Ͻ140/90 mm Hg) with aliskiren 300 mg or hydrochlorothiazide 25 mg could receive optional amlodipine addition (5 mg titrated to 10 mg, if required).
Methods

Patients
Patients eligible for inclusion were outpatients aged Ն18 years with essential hypertension (mean sitting diastolic BP [msDBP] Ն90 mm Hg and Ͻ110 mm Hg at the single-blind placebo run-in visit). At randomization, patients had to have a msDBP Ն95 mm Hg and Ͻ110 mm Hg and show a difference of Յ10 mm Hg in msDBP from their previous study visit. Patients with a history of severe cardiovascular or cerebrovascular disease or other severe lifethreatening medical conditions were excluded.
The study protocol was approved by the appropriate local ethical review boards and was conducted in accordance with good clinical practice and in compliance with the Declaration of Helsinki. All patients gave written informed consent before undergoing any study procedure.
Study Design
This randomized, double-blind, parallel-group, active-controlled, dose-titration study was performed at 132 study centers in Belgium (11), Finland (6), Germany (34), Italy (43), the Netherlands (20), and Spain (18).
After screening and a 2-week washout period for patients taking antihypertensive treatment, patients entered a 2-or 4-week singleblind, placebo run-in to establish baseline BP and determine eligibility for randomization ( Figure 1 ). Patients not meeting the eligibility requirements for BP after 2 weeks could continue for an additional 2 weeks to establish eligibility, after which patients not meeting the criteria were discontinued from the study.
Eligible patients were randomized in a 2:2:1 ratio to receive once-daily treatment with aliskiren 150 mg, hydrochlorothiazide 12.5 mg, or placebo. After 3 weeks, patients receiving aliskiren 150 mg or hydrochlorothiazide 12.5 mg underwent forced titration to doubled doses of their respective treatments. After an additional 3 weeks, patients in the placebo group were reassigned (1:1 ratio) to aliskiren 300 mg or hydrochlorothiazide 25 mg for 20 weeks. For patients not achieving goal BP (Ͻ140/90 mm Hg), addition of amlodipine 5 mg was permitted from week 12, and titration to amlodipine 10 mg was permitted from week 18 until study end (week 52; Figure 1 ).
Randomization by center was performed by the interactive voice response system provider with the use of a validated system that automates the random assignment of patients to randomization numbers. Randomization data were kept strictly confidential until the time of unblinding. Novartis Pharmaceuticals Corporation was responsible for managing the database and conducting audits.
Safety and Tolerability Assessments
Adverse events (AEs) were assessed at each study visit during the double-blind treatment period and at the optional placebo run-in visit. Physical examinations were performed at screening, at randomization, and at the week 26 and week 52 end points. Blood and urine samples for laboratory evaluations (hematology, blood chemistry, and urine measurements) were also obtained at these visits and at the week 12 end point. ECG assessments were performed at screening and at the week 26 and week 52 end points. All safety analyses were performed on the safety population, defined as all randomized patients who received at least 1 dose of study medication and with at least 1 postbaseline safety assessment. A data safety monitoring board was not used for this study because no interim analyses were conducted.
Efficacy Assessments
The primary objectives of this study were (1) to compare the long-term efficacy of an aliskiren-based regimen (with optional addition of amlodipine 5 or 10 mg to aliskiren 300 mg) with that of a hydrochlorothiazide-based regimen (with optional addition of amlodipine 5 or 10 mg to hydrochlorothiazide 25 mg) by assessing whether the aliskiren regimen was not inferior to the hydrochlorothiazide regimen and (2) to assess whether the aliskiren regimen was superior to the hydrochlorothiazide regimen if the hypothesis of noninferiority was achieved. The primary efficacy variable was the change from baseline to end point (week 26 or last observation carried forward) in msDBP.
Secondary objectives included the following: evaluation of the noninferiority (or superiority if noninferiority was achieved) of the aliskiren regimen compared with the hydrochlorothiazide regimen for changes in mean sitting systolic BP (msSBP) at week 26 end point and msDBP and msSBP at week 52 end point; comparison of the BP-lowering efficacy of aliskiren 300 mg monotherapy and hydrochlorothiazide 25 mg monotherapy at week 12 end point; evaluation of the proportion of patients with response to treatment (trough msDBP Ͻ90 mm Hg and/or Ն10 mm Hg decrease from baseline) and BP control (BP Ͻ140/90 mm Hg) at the week 26 and week 52 end points; and comparison of the long-term safety and tolerability of an aliskiren regimen with a hydrochlorothiazide regimen. All efficacy variables were analyzed for the intent-to-treat population, defined as all randomized patients who received at least 1 dose of study medication and who had at least 1 postbaseline efficacy measurement.
BP Measurements
Clinic BP was measured at baseline and at weeks 3, 6, 9, 12, 15, 18, 21, 26, 35, 44 , and 52. Sitting BP was measured at trough (24Ϯ3 hour after dose) in the arm in which the highest msDBP was found at the first study visit with the use of a mercury sphygmomanometer. Three sitting BP measurements were taken at 1-to 2-minute intervals, and the mean value was taken as the average BP for that visit.
Statistical Methods
The primary efficacy measure (change from baseline to week 26 end point in msDBP) was initially evaluated for noninferiority of aliskiren-based therapy versus hydrochlorothiazide-based therapy. Of 1100 patients randomized in a 2:2:1 ratio, 880 patients were expected to complete 6 months of treatment with Ϸ440 patients in each of the active treatment regimens. With assumption of a zero difference between population means and SD of 8 mm Hg, the study had 95% power to detect (1-sided significance level of 0.025) a noninferiority margin of 2 mm Hg between aliskiren and hydrochlorothiazide regimens. If noninferiority was established, the data were assessed for treatment superiority at a 2-sided significance level of 0.05. Statistical tests were performed with an ANCOVA model with regimen and country as factors and baseline as covariate. Change from baseline in msDBP at week 52 was analyzed in the same way as the primary analysis. Mean changes in msSBP at the week 12, week 26, and week 52 end points were analyzed in a manner similar to that for msDBP, with the use of a noninferiority margin of 4 mm Hg. For each patient, the last scheduled postbaseline measurement of an efficacy variable was carried forward (last observation carried forward) to week 6, week 12, and week 26 as the end point measurement for the variable analyzed. For the 52-week analyses, only scheduled postbaseline measurements after week 26 were carried forward.
The proportion of patients who achieved BP control and the proportion of responders were each compared at week 12, week 26, and week 52 end points with the use of a logistic regression model, with regimen and country as factors and baseline as covariate.
The post hoc test of age-treatment interaction was performed with an ANCOVA model, with terms for treatment, country, age at baseline, msSBP (or msDBP) at baseline, and interaction of age with treatment. The age categories (Ͻ65, Ն65, and Ն75 years) were chosen independent of the data and have been used across the aliskiren clinical trial program.
The number and percentage of patients with clinically significant changes in blood urea nitrogen, serum creatinine, and serum potassium were evaluated, and a Cochran-Mantel-Haenszel test stratified by country was performed to compare the proportions of patients in each treatment group with hypokalemia (serum potassium Ͻ3.5 mmol/L) or hyperkalemia (serum potassium Ͼ5.5 mmol/L).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Patient Characteristics
In total, 1275 patients entered the single-blind placebo run-in period, of whom 1124 were randomized to treatment with aliskiren 150 mg (nϭ459), hydrochlorothiazide 12.5 mg (nϭ444), or placebo (nϭ221). After 6 weeks, patients receiving placebo were reassigned to aliskiren 300 mg (nϭ108) or hydrochlorothiazide 25 mg (nϭ113). During the 6-week double-blind, placebo-controlled treatment period, 67 patients (6.0%) discontinued study treatment. Of the 1124 patients randomized, 978 (87.0%) completed the 26-week double-blind treatment period ( Figure 2 ). The most frequent reasons for discontinuation in this phase of the study were withdrawal of consent and AEs. The overall number of discontinuations was significantly higher with the hydrochlorothiazide regimen than with the aliskiren regimen (88/557, 15.8% versus 58/567, 10.2%, respectively; PϽ0.01), although no significant difference was found in the rate of discontinuations due to AEs (22/567 [3.9%] versus 29/557 [5.2%]; Pϭ0.317).
In the hydrochlorothiazide group, 49 patients (9%) withdrew from the study from week 6 to week 26, of which 26 patients (4.8%) withdrew from week 12 to week 26. In the aliskiren group, 34 patients (6.1%) withdrew from the study from week 6 to week 26; 15 of these patients (2.7%) withdrew from week 12 to week 26. Data from these patients were analyzed at the respective end points according to the last observation carried forward method.
Of those patients completing the 26-week double-blind treatment period, 965 patients entered the 26-week blinded extension phase of the study. In total, 918 patients (95.1%) completed the 52 weeks of treatment. The main reasons for discontinuation in the extension phase of the study were AEs (aliskiren: 8/501, 1.6%; hydrochlorothiazide: 12/464, 2.6%) and withdrawal of consent (aliskiren: 5/501, 1.0%; hydrochlorothiazide: 8/464, 1.7%). Overall, the proportion of patients discontinuing in this phase of the study was higher with the hydrochlorothiazide regimen than with the aliskiren regimen (31/464, 6.7% versus 16/501, 3.2%, respectively; PϽ0.05).
No significant differences were found in baseline characteristics between the aliskiren and hydrochlorothiazide treatment groups ( 
Effects on msSBP and msDBP
Substantial reductions in msSBP and msDBP were observed with aliskiren and hydrochlorothiazide monotherapy after 3 weeks of treatment ( Figure 3 ). Further BP reductions observed during the dose-titration and optional add-on amlodipine phases were sustained until week 52 ( Figure 3 ).
Aliskiren Monotherapy
At week 6, both the aliskiren and the hydrochlorothiazide monotherapies were superior to placebo in lowering msSBP (placebo-subtracted least-squares meanϮSEM difference:
Ϫ7.7Ϯ1.0 and Ϫ4.7Ϯ1.0 mm Hg, PϽ0.0001 for aliskiren and hydrochlorothiazide, respectively) and msDBP (Ϫ3.4Ϯ0.6 mm Hg, PϽ0.0001 and Ϫ1.6Ϯ0.6 mm Hg, PϽ0.05). At week 12, aliskiren monotherapy was statistically superior to hydrochlorothiazide monotherapy in reducing both msSBP (Ϫ17.4Ϯ0.6 versus Ϫ14.7Ϯ0.6 mm Hg) and msDBP (Ϫ12.2Ϯ0.4 versus Ϫ10.3Ϯ0.4 mm Hg, PϽ0.001 for both; Figure 4A ). Aliskiren monotherapy provided significantly greater BP response (73.8% versus 65.6%, PϽ0.01; Figure 5 ) and control rates (60.0% versus 50.6%, PϽ0.01) compared with hydrochlorothiazide monotherapy.
Combination Therapy
At week 26, 46.4% of patients in the aliskiren group required the addition of amlodipine for BP control compared with 53% of patients in the hydrochlorothiazide group. Similar results were seen at week 52 (47.5% and 52.5% in the aliskiren and hydrochlorothiazide groups, respectively; Pϭ0.119); at this time point, titration to the higher dosage of amlodipine was required by 20.0% and 23.3% of patients in the aliskiren and hydrochlorothiazide groups, respectively (Pϭ0.225).
At week 26, the aliskiren regimen provided significantly superior reductions from baseline in msSBP (least squares meanϮSEM: Ϫ20.3Ϯ0.6 versus Ϫ18.6Ϯ0.6 mm Hg, PϽ0.05) and msDBP (Ϫ14.2Ϯ0.4 versus Ϫ13.0Ϯ0.4 mm Hg, PϽ0.01) compared with the hydrochlorothiazide regimen ( Figure 4B ). The superior reduction in msDBP with the aliskiren regimen compared with the hydrochlorothiazide regimen was maintained at week 52 (Ϫ16.0Ϯ0.4 versus Ϫ15.0Ϯ0.4 mm Hg, PϽ0.05); reductions in msSBP with the aliskiren regimen were not inferior to those with the hydrochlorothiazide regimen at this time point but were not statistically superior (Ϫ22.1Ϯ0.6 versus Ϫ21.2Ϯ0.6 mm Hg, PϽ0.0001 for noninferiority; Figure 4C ). Responder rates were significantly greater with the aliskiren regimen than with the hydrochlorothiazide regimen at both week 26 (85.5% versus 80.3%, PϽ0.05) and week 52 (88.8% versus 82.5%, PϽ0.01) ( Figure 5 ).
Effect of Age on BP-Lowering Efficacy of Treatment
A post hoc analysis showed a significant age-treatment interaction for msSBP at week 52 (Pϭ0.045) but not at week 26. No significant age-treatment interaction was detected at either week 26 or week 52 for msDBP. Analysis of BP changes by age group showed that at week 52, the aliskiren regimen provided significantly greater reductions in msSBP (but not msDBP) in elderly (Ն65 years) and very elderly (Ն75 years) patients than in younger patients ( Table 2) . Reductions in msSBP and msDBP with the hydrochlorothiazide regimen were similar across all age groups ( Table 2 ).
Safety and Tolerability
The proportion of patients who experienced AEs during the 6-week placebo-controlled period was similar in the aliskiren monotherapy, hydrochlorothiazide monotherapy, and placebo groups (26.4%, 24.5%, and 28.5%, respectively). During the 52-week double-blind treatment period (excluding the 6-week placebo-controlled period), AEs were reported by a similar proportion of patients receiving the aliskiren and hydrochlorothiazide regimens (Table 3 ). Most AEs were mild or moderate in intensity. Three serious AEs were considered by the investigator to be related to the study medications (dyspepsia, aliskiren 150 mg; myocardial infarction, placebo; moderate hypokalemia, hydrochlorothiazide 25 mg); all 3 patients were discontinued from the study. No deaths occurred during the 52-week, double-blind treatment period. One patient died from a stroke after discontinuing from the single-blind placebo run-in period; 1 patient in the aliskiren group died from acute bronchopneumonia and associated sepsis during the 30-day follow-up period after discontinuing the study. Neither death was considered by the investigator to be related to the study drugs.
Serum potassium levels Ͻ3.5 mmol/L were more frequent (PϽ0.0001) with hydrochlorothiazide than with the aliskiren regimen (17.9% versus 0.9%; Table 3 ); the incidence of potassium levels Ͼ5.5 mmol/L was higher with the aliskiren regimen than with the hydrochlorothiazide regimen (6.5% versus 3.7%, PϽ0.05). Two occurrences of serum creatinine levels Ͼ176.8 mol/L were noted; neither was associated with AEs. At week 26, greater mean increases in uric acid were observed in the hydrochlorothiazide group than in the aliskiren group (change from baseline to week 26: 30.4 versus 4.9 mol/L; least-squares mean difference: Ϫ0.03, PϽ0.0001).
Discussion
This study is the first to compare the antihypertensive efficacy, safety, and tolerability of the direct renin inhibitor aliskiren with the diuretic hydrochlorothiazide. The major finding of the study was that aliskiren 300 mg monotherapy was superior to hydrochlorothiazide 25 mg monotherapy in lowering BP. In addition, during long-term treatment, aliskiren-based therapy (with optional addition of amlodipine) provided significantly greater BP reductions than hydrochlorothiazide-based therapy. Responder rates were significantly higher with aliskiren treatment, either alone or with amlodipine addition, compared with the respective hydrochlorothiazide treatments.
Hydrochlorothiazide was chosen as the comparator in this study because JNC 7 guidelines recommend thiazide-type diuretics as the preferred initial agent for the treatment of hypertension. 1 In the present study, the aliskiren regimen was statistically superior to the hydrochlorothiazide regimen in lowering SBP and DBP after 6 months of treatment. After 1 year, aliskiren-based therapy provided superior reductions in DBP and numerically greater reductions in SBP compared with the hydrochlorothiazide regimen. Furthermore, before the optional addition of amlodipine, treatment for 12 weeks with aliskiren 300 mg monotherapy provided significantly superior reductions in office SBP and DBP than hydrochlorothiazide 25 mg monotherapy. In a previous study of similar design, aliskiren 300 mg monotherapy was more effective than ramipril 10 mg monotherapy in reducing BP after 12 weeks of treatment; after an additional 14 weeks, aliskirenbased treatment (with optional add-on hydrochlorothiazide) provided superior reductions in SBP and DBP over ramiprilbased therapy, despite a lower frequency of add-on treatment (46.4% versus 49.5% in the aliskiren and ramipril groups, respectively). 11 Treatment with Ն2 antihypertensive agents is commonly required to achieve BP control, and a recent survey of nearly 4000 US patients with hypertension reported that 64% were receiving combination therapy. 3 The present study shows that an aliskiren regimen provides effective BP lowering that is maintained during long-term treatment in patients with mild to moderate hypertension and also demonstrates that amlo- is an effective add-on agent for a renin system inhibitor. Furthermore, the tolerability profile of the aliskiren/ amlodipine combination, which is as important as efficacy, was similar to other aliskiren-based regimens. 7, 11 A significant age-treatment interaction was demonstrated for msSBP at week 52, and a post hoc analysis showed that long-term treatment with the aliskiren regimen was particularly effective for reducing SBP in elderly and very elderly patients. In contrast, reductions in SBP with the hydrochlorothiazide regimen were similar across all age groups. SBP increases with age and is associated with increased cardiovascular morbidity and mortality. 12 Moreover, clinical trials have shown that lowering SBP lowers the risk of stroke, myocardial infarction, and other cardiovascular events in elderly patients. 13 Aliskiren treatment, either as monotherapy or in combination with amlodipine, was well tolerated over 12 months; the overall incidence of AEs was similar with the aliskiren and hydrochlorothiazide treatment regimens. However, the proportion of patients with hypokalemia (serum potassium Ͻ3.5 mmol/L) was significantly greater with the hydrochlorothiazide regimen; hypokalemia is a well-established side effect of thiazide diuretics and has been associated with the development of impaired glucose tolerance. 14 Elevated levels of serum potassium (Ͼ5.5 mmol/L), a known effect of renin system inhibitors, occurred at a higher frequency with the aliskiren regimen, although no patients discontinued the study because of hyperkalemia. After 6 weeks (end of the placebo phase), the incidence of AEs in the aliskiren monotherapy group was similar to placebo; this is consistent with previous aliskiren studies, in which once-daily aliskiren doses up to 300 mg demonstrated an overall tolerability profile comparable to placebo. 15, 16 It is important to note the limitations of the study. First, this was a study of achieved BP reductions and not a comparison of clinical outcomes. Because the selection criteria were based on DBP rather than SBP, the mean age of the study population was relatively low (55.9 years). This contrasts with the majority of patients seen in the physician's clinic who tend to be older individuals with systolic hypertension. However, a post hoc analysis demonstrated the antihypertensive efficacy of the aliskiren regimen in the subgroup of elderly patients and showed that aliskiren provided significantly greater reductions in msSBP in elderly patients than in younger patients. Although hydrochlorothiazide is most commonly used at doses of 12.5 to 25 mg/d for the treatment of hypertension, the drug can be used at doses up to 50 mg/d. In this study, no comparisons were made with hydrochlorothiazide doses Ͼ25 mg/d, and therefore no conclusions can be drawn in regard to the effects of higher doses of hydrochlorothiazide relative to aliskiren. This was a predominantly white population, and it may therefore not be appropriate to extrapolate the results of the present study to other racial subgroups. However, a pooled analysis of aliskiren studies conducted in a total of 7045 patients with hypertension showed no effect of race on the antihypertensive efficacy and safety of aliskiren. 5 Finally, although mandated by health authorities during the design of the present study, the last observation carried forward method of analysis could be considered a limitation.
In conclusion, aliskiren-based therapy (with optional add-on amlodipine) provided significantly greater BP reductions than hydrochlorothiazide-based therapy during longterm (6 months) treatment in patients with hypertension. Furthermore, aliskiren 300 mg monotherapy was superior to hydrochlorothiazide 25 mg monotherapy in lowering BP. Aliskiren treatment therefore provides more effective BP lowering than a thiazide-type diuretic, the drug class recommended by JNC 7 guidelines as first-line therapy for the treatment of hypertension.
